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Express Mail Label No. EV320890468US 
[0001] SYSTEM FOR DATA TRANSFER, FOR EXAMPLE FOR CYCLES 
SUCH AS COMPETITION BICYCLES 

[0002] CROSS REFERENCE TO RELATED APPLICATION(S) 

[0003] This application is a continuation of U.S. Patent Application Serial No. 

09/803,933, filed March 13, 2001, which is incorporated by reference as if fully set 

forth. 

[0004] BACKGROUND OF INVENTION 

[0005] The present invention relates to data transfer systems and has been 
developed with particular attention paid to the possible application to cycles, such as 
competition bicycles. In any case, the reference to this possible application, and in 
particular the reference to the application to racing bicycles, must not be interpreted as 
limiting the possible field of application of the invention. 

[0006] Over the last few years there has developed, in the cycle sector, the 

tendency to associate to cycles sensors of various nature so as to be able to acquire 
information of various kinds regarding the use/behaviour of the means, for instance, in 
order to be able to intervene through actuators to modify - according to certain criteria, 
acting both in an automatic way and according to specific commands issued by the user 
the conditions of use/behaviour of the means, in particular as regards its set. 
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[0007] This tendency is expressed, in particular, in the direction of a continuous 
increase in the quantity of data picked up and processed, which results in the need to 
have available increasingly more sophisticated and articulated systems, these being 
systems which, since they have to be mounted on board the cycle, must not adversely 
affect the performance of the latter, in particular in terms of weight, overall 
dimensions, and consumption of electrical energy. 

[0008] The purpose of the present invention is to meet the ever-greater needs felt 
in the sector, overcoming the drawbacks outlined above. 

[0009] SUMMARY OF THE INVENTION 

[0010] According to the present invention, this purpose is achieved thanks to a 
system having the characteristics disclosed herein. Specifically, what is shown is a 
system for data transmission on board a cycle comprising 1) a set of peripheral modules 
associated with respective sensors for generating respective sensing signals when the 
sensors detect a predetermined condition; and 2) a main unit configured to enter at 
least a partial state of reduced power absorption in the absence of useful information 
received from the peripheral modules. The main unit outputs a synchronization signal 
and receives the sensing signals coming from the set of peripheral modules. The 
peripheral modules selectively transmit the sensing signals within a frame work of 
respective transmission time slots determined by the synchronization signal. 
[0011] In particular, the invention makes possible an interfacing solution, such 
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as to enable a limitation of the amount of connections linked to the transfer of data in 
the context of the system. In this way it is possible to reduce the connections, 
eliminating at least part of them. 

[0012] In particular, the solution according to the invention proves especially 
advantageous for applications of a wireless type, i.e., via data transfer on a carrier (or 
possibly optical means). This enables the use, for instance of networks of the type 
currently known as Wireless Local Area Networks (WLANs), the foregoing with the 
possibility of increasing the number of interfaceable sensors and with a reduction in 
data-transfer times. 

[0013] In particular, the solution according to the invention exploits the 
randomness with which a fair number of the events involving the sensors occur in order 
to achieve transfer of the information in a predictable and reliable way without 
prejudice to an important aspect, such as that of power absorption, and hence that of 
operating autonomy of the system. 

[0014] In the currently preferred embodiment, the invention envisages the 
creation of a local communication network which can be located on a bicycle. Present in 
this network are a main network manager and a set of peripheral modules provided 
with a capacity of their own for pre-processing the signal and with autonomy from the 
energy standpoint. 

[0015] The operating criterion is of the master-slave type, with a main unit 
configured as master for the network that is designed to generate the synchronizing 
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signals, to which the various modules forming part of the system, configured as slave 
units, refer to communicate their information. 

[0016] Reserved to each module is a time slot, within which transmission can 
take place, and this enables, among other things, identification of the sensor and the 
corresponding signal even without including, in the signal transmitted by the sensor, a 
respective set of data identifying the sensor and/or the signal transmitted by it. 
[0017] Bi-directional communication is made possible between the master unit 
and the peripheral modules so as to enable configuration of the network in an optimal 
way and improvement of reliability of communication. 

[0018] Preferably, communication is not made when the event (for example, an 
individual pulse indicating rotation of a wheel, an individual pulse indicating pedal 
cadence, etc.) occurs, but rather in appropriate points in time. 

[0019] Preferably envisaged is the possibility of pre-processing the information of 
the sensors locally and making this information available for transfer when pre- 
determined conditions arise. 

[0020] Preferably, the transmission of the data item from the sensor only occurs 
when there exists an effective need to inform the processing/display unit normally 
associated to the system. 

[0021] The aforesaid need to transmit information is usually linked to the fact 
that the event detected has a character of importance for the processing unit. With 
reference, by way of example, to a cycle, such as a bicycle, if the bicycle is stationary 
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there is no need to occupy the communication channel (with the consequent power 
consumption). Likewise, if the bicycle is being pushed by hand (consequently, at a low 
speed, below a pre-defined limit), it is not necessary to transfer the information 
regarding rotation of the wheel to the processing unit, 

[0022] Along the same lines, if the rider of the bicycle is not pedaling, or if the 
pedaling force is below a pre-set minimum limit, there does not exist the need to 
transmit the signals of the pedal-cadence sensor and/or of the pedaling-force sensor to 
the processing unit. 

[0023] Preferably, the peripheral pre-processing modules are able to process the 
information coming from the corresponding sensors before deciding to make the said 
information available for communication. 

[0024] In a preferred way, the aforesaid peripheral modules are of the wireless 
type and envisage basically: 

[0025] a microcontroller for processing the information coming from the 
corresponding sensor and for performing the function of controlling the radio-frequency 
communication part; 

[0026] a radio-frequency transceiver that can enable sending and receiving of 
data on a radio-frequency channel according to modalities and techniques co-ordinated 
by the microcontroller; and 

[0027] a power-supply source, for instance a local battery, which makes it 
possible to achieve autonomy from the energy standpoint; preferably associated to the 
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source is a circuit for monitoring the level of charge of the power-supply source itself. 
[0028] Preferably, installation modalities of the plug-and-play type are 
envisaged, as well as specific functions that can pre-qualify the behaviour of the device 
when this is introduced into the network. 

[0029] An important characteristic of the solution according to the invention is 
linked to power consumption: by shortening the times of occupation of the transmission 
channels, and in particular of the radio-frequency channel, it is possible to reduce 
power consumption to the minimum. 

[0030] Preferably, the microcontrollers of the peripheral modules are configured 
(usually at a level of strategy of the corresponding firmware) in such a way as to carry 
out the following functions: 

[0031] detection of signal (acquisition, filtering, conditioning, etc.); 

[0032] processing, so as to bring the corresponding information into a format 

usable by the main processing and display system; 

[0033] activation of algorithms for optimization of power consumption; and 
[0034] implementation of algorithms for recovering information in the presence of 
possible errors on the communication channel (i.e., in situations in which the 
information does not reach destination). 

[0035] The plurality of sensors that can be mounted on the cycle, the 
corresponding reactivity that is desirable in the control system, and the techniques of 
modulation designed to guarantee optimal reliability of the communication channel 
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point towards the use of relatively high frequencies as preferential for the purposes of 
radio-frequency communication. 

[0036] In the currently preferred embodiment of the invention, radio-frequency 
devices are adopted which preferably use Industrial-Scientific-Medical (ISM) frequency 
bands, and hence frequencies from 902 to 928 MHz and from 2400 to 2483.5 MHz, and 
frequency bands for Short-Range Device (SRD) applications, in particular from 433 
MHz to 434.8 MHz, from 868 to 870 MHz, and from 2400 to 2483.5 MHZ. Preferably, 
with such devices relatively short communication times may be obtained, with a 
greater possibility of transmitting information of a number of sensors per unit time. 

[0037] BRIEF DESCRIPTION OF THE DRAWINGS 

[0038] There now follows a description of the invention, provided purely by way 
of non-limiting example, with reference to the attached drawings, in which: 
[0039] Figure 1 illustrates, in the form of a block diagram, the general 
architecture of a system according to the invention; 

[0040] Figure 2 is a first timing chart illustrating the modalities adopted for 
transmission of the information in the framework of the system according to the 
invention; 

[0041] Figure 3 is a further block diagram illustrating, in a more detailed way, 

the structure of one of the elements that may be seen in Figure 1; 

[0042] Figures 4 and 5 illustrate the two possible solutions with reference to the 
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structure of another of the elements shown in Figure 1; 

[0043] Figure 6 is a further timing chart, basically similar to the timing chart of 
Figure 2, which illustrates further particularities of signal transmission in the 
framework of the system according to the invention; 

[0044] Figure 7 is a timing chart illustrating further particularities of signal 
transmission in the framework of the system according to the invention; 
[0045] Figures 8 and 9 illustrate two examples of frames that may be used for 
signal transmission in the framework of the system according to the invention; and 
[0046] Figure 10 is a further timing chart illustrating the modalities of signal 
transmission in the framework of the system according to the invention. 

[0047] DETAILED DESCRIPTION OF THE INVENTION 
[0048] In the general diagram of Figure 1, the reference number 1 designates, as 
a whole, a communication system according to the invention, designed, preferably, to 
be mounted on a cycle, such as a competition bicycle C. As has already been said, the 
reference to this possible application is not to be in any way interpreted as limiting the 
scope of the invention. In any case, specific modalities for monitoring a system, such as 
the system 1, on a bicycle are illustrated in U.S. Patent Application No. 09/805,113, 
now U.S. Patent Publication No. US 2001/0027495 Al. 

[0049] Basically, the system 1 is made up of a control unit 32 connected, typically 
by means of communication channels of a wireless type (preferably on a radio- 
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frequency carrier, for example at approximately 400 MHz or approximately 900 MHz), 
to a plurality of peripheral modules 40. The latter modules are in turn designed to be 
associated to respective sensors for processing the corresponding information and to 
transfer the information to the unit 32 according to the modalities described in greater 
detail in what follows. In general, the mechanism of interaction between the unit 32 
and the modules 40 is of the master-slave type, with the unit 32 functioning as master 
unit and the modules 40 functioning as slave units. 

[0050] As may be better seen in Figure 2, the transfer of data from the modules 
40 to the unit 32 in general takes place according to a time-sharing criterion. 
[0051] In particular, the timing chart of Figure 2 is made up of three parts set on 
top of one another. 

[0052] The part designated by the reference a) refers to the operation of the 
master unit 32. Represented in the top diagram of Figure 2 is a synchronization signal 
TX-SYN transmitted by the unit 32 at a pre-set rate (period tsyn) and designed to be 
received by all the modules 40 forming part of the network. 

[0053] The diagram represents a signal RX-DATA, the high-logic-level portions of 
which identify the time slots (selectively determined according to the criteria described 
more fully in what follows) in which the unit 32 sets itself for receiving the signals 
coming from the various modules 40. 

[0054] The parts b) and c) of Figure 2 illustrate, instead, the behavior of the 
various modules 40 included in the system, in particular as regards a first module, 
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generically identified by the suffix 1, and a generic module, identified by the suffix k. 
[0055] In particular, when there is the need to transfer an item of information to 
the unit 32, each module 40 (which is reached by the synchronization signal coming 
from the unit 32) uses the signal TX-SYN as reference to wait for a delay interval 
uniquely associated to it (indicated in general as WPUk-DLYk, where k = 1, n), and 
then to activate its transmission signal TXk-DATA for the time necessary for 
transmission. 

[0056] From Figure 2 it may be understood that there is assigned to the various 
peripheral modules 40 a delay which is different from the synchronization signal, the 
aim of this being to avoid possible collisions in transmissions, so rendering 
communication altogether predictable. The communication modality described presents 
the additional advantage of enabling the unit 32 to recognize automatically the 
peripheral module 40 that is transmitting, according to the time slot in which reception 
occurs, all this without the need to provide, in the string of data transmitted from the 
modules 40 to the unit 32, sets of data identifying the module 40 each time concerned. 
[0057] Figure 3 illustrates in greater detail the structure of the unit 32 in the 
form of a block diagram. 

[0058] In the diagram of Figure 3 it is possible to identify in particular a 
processor 320 designed to function as a processor for controlling the communications. 
The processor 320 manages the timings required for carrying out all the steps involved 
in transfer of the information in the framework of the system via the control of a 
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transceiver module, designated by the reference number 321, which carries associated 
thereto an antenna 322. 

[0059] The processor 320 is configured in such a way as to be able to exchange 
information, and in particular in such a way as to be able to transfer the data coming 
from the system network 1 to an external display/processing unit (not illustrated), 
which may be identified as a unit of a higher hierarchical level. 
[0060] The above is preferably obtained by asynchronous serial bi-directional 
interfacing on corresponding reception lines 81 and transmission lines 82. In an even 
more preferred way, the above is obtained according to the modalities described in 
greater detail in the U.S. Patent Application No. 09/805,113, now U.S. Patent 
Publication No. US 2001/0027495 Al. 

[0061] The module 321 interfaces the transmission channel directly with the 
modules 40 both as regards reception and as regards transmission of the information. 
This takes place preferably via modulation techniques such as to ensure a high degree 
of reliability even in hostile environments. Preferably, FSK modulation is used for 
transmission. 

[0062] In a preferred way, the transceiver antenna 322 is integrated in the unit 
32 in such a way as to enable mounting of the latter on a cycle, for example in position 
lower than that of the bottle-cage. 

[0063] In the block diagram of Figure 4 it is possible to note that each module 40, 
designed to be associated to a respective sensor S, comprises, as its main core, a 
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respective processor 400 which has the job of coordinating and specializing the 
functions of the module 40 itself. The activity of the processor 400 is determined by the 
detection of the signal of the sensor and by the consequent processing of this signal. 
Apart from the above situations, the module is normally in conditions of quiescence, 
namely of low power absorption. Associated to the processor 400, according to 
modalities basically similar to those seen with reference to the block diagram of Figure 
3, is a transceiver 401 designed to manage, at a physical level, the radio-frequency 
channel both to and from the unit 32. This obviously takes place according to 
modulation techniques compatible with those adopted for the unit 32, for example 
using FSK modulation. Also in this case, the transceiver antenna, designated by 401a, 
is preferably integrated in the unit. An input circuit 402 is moreover provided, which is 
designed to interface the sensor S with the processor 400. The characteristics of the 
circuit 402 (designed to perform functions such as signal conditioning, digital-to-analog 
conversions, etc.) are of course specific for the type of sensor S concerned. 
[0064] For example, the diagram of Figure 5 refers to the specific case of a 
sensor, such as a sensor for speed of rotation of a wheel or a signal for detecting pedal 
cadence. These are sensors usually comprising, as sensing element, a magnet M 
mounted on the moving member concerned (wheel or crankset, in the case of the above 
examples). In the case in point, the input circuit 402a may comprise, or else carry 
associated thereto, an element such as a reed relay 402 which is alternately switched 
between an open position and a closed position whenever the magnet M passes in front 
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of it. 

[0065] Any person skilled in the sector will in any case appreciate that, since the 
characteristics and operating modes of the various sensors that may be mounted on 
board a cycle are altogether different, the specific characteristics of the circuit 402 may 
be altogether different from one module 40 to another. In any case, these specific 
implementational aspects are to be deemed widely known, and therefore such as not to 
require a detailed description herein, also because they are in themselves not 
important for the purposes of understanding and implementing the present invention. 
[0066] Both in Figure 4 and in Figure 5, the reference number 403 designates an 
auxiliary circuit capable of monitoring, by transmitting signals to the processor 400, 
the state of a power-supply source (typically, a battery) 404, which is designed to 
ensure power supply to the module 40. 

[0067] For a better understanding and interpretation of what will be the 
hereinafter with reference to the modalities of transmission of the information in the 
context of the system according to the invention, it should be recalled that the solution 
according to the invention aims, among other things, at reconciling, in an advantageous 
way, needs that are altogether in contrast with one another; namely: 
[0068] the possibility of providing each module 40 with a corresponding power- 
supply source, thus avoiding the need to provide, for this purpose, lines for power- 
supply transmission in the context of the system, at the same time ensuring the 
possibility of inserting into the system or removing from the system depending upon 
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the specific application requirements one or more sensors according to typical plug-and- 
play modalities of use; 

[0069] the need to bestow on each individual module 40 a considerable autonomy 
of operation (for example, in the region of one year) even in the presence of very intense 
use of the means on which the system is mounted; and 

[0070] the possibility of using power-supply sources having very reduced 

dimensions, such as, typically, batteries for watches, thus preventing the increase in 
the number of sensors from resulting in the means becoming undesirably heavy. 
[007 1] With reference again to the block diagram of Figure 3, the ensemble of the 
reception signal present on the line 81 and of the transmission signal present on the 
line 82, together with a control signal present on a line 35, enables the unit 32 to form 
part of a physical communication bus towards higher-level units, so causing the 
transmission signal (line 82) to be driven exclusively during the enabling phases 
imposed by acting on the line 35, and otherwise maintaining the signal 82 deactivated 
or released. 

[0072] This mode of operation makes it possible to limit power absorption, hence 
consumption, by the unit 32 just to the time phases in which actual operation is 
required. 

[0073] As will be better seen in what follows, substantially similar operating 
modes are adopted also as regards the modules 40. 

[0074] If the enabling signal 35 imposes deactivation of the unit 32 while the 
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latter is transmitting, the possibility is usually envisaged of granting the unit 32 itself 
a pre-set time for completion of the communication before giving rise to the effective 
releasing of the transmission signal present on the line 82. 

[0075] This fact may be appreciated in the timing chart of Figure 6, which 
comprises four parts set on top of one another, of which the parts a), b) and c) basically 
correspond to the parts a), b) and c) of Figure 2. Moreover present in the timing chart of 
Figure 6 is a further diagram, designated by d), which represents a typical waveform of 
the control signal present on the line 35 (the high level of which corresponds to 
enabling of the processor 320), whilst the reference 82 designates a possible waveform 
of a transmission signal present on the homologous line. 

[0076] Again in Figure 6 it may be noted that the control unit 32 is activated for 
transmission only once in the interval between one synchronization and the next, 
whereas, in the same interval, it is activated for reception a number of times equal to 
the number of the peripheral modules 40. A further time slot within the interval 
between two successive synchronizations is moreover dedicated to data transfer (on the 
line 82) to the higher-level unit referred to previously. The latter slot is designated by 
TXHL. 

[0077] On the other hand, the unit 32 is always active (hence, also in the state 
previously defined as quiescent state) for generating the synchronization signal TX- 
SYN, which constitutes a fundamental reference for the system network. The firmware 
of the module 321 is preferably provided with a function that enables optimization of 
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the times for activating the radio frequency, and hence optimization of the 
corresponding consumption. Besides the generation of the synchronization signal 
(which is unique for all the modules 40 forming part of the network), also the time for 
which the unit 32 remains active awaiting the response from the various peripheral 
modules is optimized. This means that activation of the reception function in the 
module 321 is slightly advanced with respect to the moment when transmission by one 
of the modules 40 is expected. This advance is monitored and maintained at an optimal 
minimum value for guaranteeing correct time-locking. 

[0078] The above-mentioned function moreover envisages recognition of events 

characteristic of the valid communication for deciding whether to maintain the 
receiving part of the module 321 activated or not. This further enables any waste of 
electrical energy to be prevented when there occurs a reception the contents of which 
are found to be insignificant right from the initial moments of the reception itself. 
[0079] If, for example, a module 40 does not have any information to transmit, 
the module does not activate its own transmitter, and hence the unit 32 does not need 
to activate for receiving the corresponding data block. This absence of signal 
transmission by the module 40 (acting as a slave) is recognized by the unit 32 (acting 
as a master) because, at the moment in time concerned, a particular signal sequence 
indicating that the corresponding transmitter is active is not received. 
[0080] The unit 32 is therefore able to recognize this event and decide in favor of 
disabling of the reception phase for the module 40 concerned according to the last 
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synchronization signal transmitted. 

[0081] If, in particular conditions, there is no event such as to justify a 
transmission by the module 40 (for example, because the module in question is 
associated to a wheel-speed sensor, and the bicycle is stationary), albeit maintaining 
the rate of generation of the synchronization signal TX-SYN active, the unit 32 is able 
to reduce to the minimum turning-on of its own receiver during the various time slots 
for which it sets itself in a wait state for receiving responses. 

[0082] Likewise, transfer of information to the higher-level time unit (time slot 
TXHL in Figure 6d) is activated only if valid data have arrived from any of the modules 
40. 

[0083] This result may be obtained, for example, by causing a transmission to be 
characterized by an initial phase in which the transmitter each time concerned gets its 
own activation to be recognized by emitting a signal sequence for a given time interval, 
as illustrated in Figure 7. 

[0084] The above condition can be recognized in so far as the transmitted signal 
becomes prevalent with respect to the background noise detectable when no network 
transmitter is active. A further discrimination element is constituted by the fact that 
the signal is sought at precise moments in time referred to the synchronization signal, 
and consequently there is less likelihood of error being caused by disturbance. 
[0085] The initial phase of recognition of the beginning of a transmission is 
followed by a set of bits which assume a given meaning. 
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[0086] For example, in the transmission of the synchronization signal by the unit 
32, it is possible to identify: 

[0087] - a fixed sequence of bits, indicating the start of the leading part of the 
data frame; 

[0088] - certain bits in which the address of the transmission source (namely, the 
unit 32), which identifies the network as a whole, is encoded; 

[0089] - certain bits representing the code of the request made by the unit 32 to 
the modules 40 (for example, the communication of a new logic address in the system 
network); 

[0090] - certain bits indicating the outcome of the previous communication; for 
example, if four modules 40 form part of the system network, four bits are transmitted 
that provide information as to whether the data received with the previous 
communication have been found valid; these bits are defined at the level of the unit 32 
after a control has been carried out on what has been received and on the 
corresponding control field; and 

[009 1] - certain bits containing the network address to which the synchronization 

signal is to be sent. 

[0092] The same criterion is adopted, as is better illustrated in Figure 7, in 
transmission from any one of the modules 40 to the unit 32. 

[0093] In particular, the timing chart of Figure 7 comprises two parts, designated 

by a) and b). 
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[0094] Of the above two parts, the first represents the reception-enabling signal 
AR of the receiver of the unit 32 (with high logic level when the receiver is active) and 
the corresponding reception-control signal EX. 

[0095] The bottom part of Figure 7 illustrates the transmission-enabling signal 
AT of a module 40 (also in this case, the high logic level corresponds to activation) and 
the corresponding transmission signal TX. 

[0096] In particular, in the bottom diagrams of both of parts a) and b) of Figure 7, 

the reference I designates the initial phase, and the reference T the phase in which 
there is transmission of information. 

[0097] Consequently, also in the case of transmission by the module 40, in the 
transmission phase T it is possible to identify: 

[0098] a fixed sequence of bits designed to indicate a leading portion of the data 
frame; 

[0100] certain bits in which the logic address of the source of transmission is 
encoded, i.e., that of the module 40 concerned; it will be appreciated that, as has 
already been the, the presence of these bits is optional, given that the unit 32 even so is 
able to identify the individual module 40 according to the time interval in which the the 
module transmits, and in particular according to the delay of the time interval with 
respect to the synchronization signal; 

[0101] certain bits containing the address of the unit 32, and hence the network 
address to which the module 40 that is transmitting refers; 
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[0 102] certain bits identifying the level of charge of the power source (block 404 of 
Figures 4 and 5) of the corresponding module 40; 

[0103] certain bits containing the specific datum of the sensor S associated to the 
module 40 that is transmitting; and 

[0104] certain bits for controlling the integrity of the data. 

[0105] Figure 8 illustrates the possible organization of a frame transmitted for 

the synchronization signal from the unit 32. 

[0106] This is preferably a byte frame where the fixed sequence of bits which 
identifies the leading portion of the frame is designated by H. The part containing the 
encoding of the address of the unit 32 is designated by CI, and the field C2, which 
comprises one or more bytes, is designed to carry the other data referred to previously. 
In particular, the reference C21 designates the set of bits that identify the outcome of 
the previous communication. 

[0107] Figure 9 represents, according to the same modalities, the various fields 
making up the frame, this too being preferably organized in bytes and being used for 
transmission from the modules 40. Also in this case, there is present a leading part H 
followed by a set of fields C3, C4, C5, and C6, which are designed to carry respectively 
the state of charge of the power-supply source, the address of the module 40 (if this 
information is present), as well as (in the case of the fields C4 to C6) the significant 
data, there further being provided a final field CK constituted usually by a single byte 
having a control function. 
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[0108] The unit 32 is therefore able to evaluate the validity of the data received 
from the various modules 40 and recognize whether the communication comes from one 
of the modules making up the system network, this in so far as in each transmission 
from the modules 40 the network code is always present. This latter aspect is 
important for the purpose of avoiding any possible interference between two networks 
that accidentally find themselves operating alongside one another (for example, 
because they are mounted on the bicycles of two cyclists who are pedaling one alongside 
the other). The possible occurrence of these phenomena of interference is moreover very 
small indeed in view of the specific modalities used for data transmission (as is better 
illustrated by the timing charts of Figures 2 and 6). The possible collision of data 
presupposes in fact that, in an altogether accidental way, transmission occurs 
according to similar modalities, exactly in the same time slot. 

[0109] In any case, if the condition is detected whereby successive 
communications of the network are not valid or are disturbed by transmissions from 
transmitters extraneous to the system network, the unit 32 is able to decide, according 
to a pre-defined strategy, to change the logic address of the network, transmitting the 
new address to the modules forming part of the network. 

[0110] As has already been the previously, each module 40 is preferably 
organized in such a way as to remain as far as possible in conditions of low current 
absorption. 

[0111] The activity is dependent upon the type of sensor S that is to be 
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interfaced. In the case of sensors operating in on/off mode (for example, a sensor for 
detecting the pulses for rotation of the wheels of a cycle, or else a sensor for detecting 
pedal cadence), the module is active when the event to be detected arises, this occurring 
for the duration necessary to detect the event and to analyze it in relation to the 
preceding event. If the result corresponds to an important item of information for a 
higher-level unit, the step of information transfer (i.e., the communication) is enabled. 
[0112] If the signal is of the analog type (as in the case of force sensors, various 
potentiometric sensors, etc.), the activity of the corresponding module 40 is of the 
cadenced type, according to a pre-defined frequency, and is enabled by means of a 
communication from the higher-level manager. 

[0113] The module 40 moreover sees to managing the step of information 
transfer when this is required. For this step it is important for there to be time-locking 
with the synchronization signal of the unit 32, and hence the module 40 must set itself 
to receive the sync frame. 

[0114] After recognition of the valid synchronization, the module 40 activates 
transmission of its own data block according to the delay envisaged for the module 40, 
namely in the time slot assigned thereto. 

[0 1 15] When the synchronization has been locked, the subsequent transmissions 
can take place according to the criteria of optimization of the on time of the receiver in 
the proximity of reception of the synchronization and of the time of activation of the 
transmitter in the proximity of the time slots assigned for the transmission. 
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[0116] These operating criteria are better illustrated in the timing chart of 
Figure 10, which once again comprises two parts set one above another, designated by 
a) and b). 

[0117] The top part basically refers to the activity of the unit 32 according to 
modalities altogether similar to the ones already used in the representations of Figure 
2 and Figure 6. 

[0 1 18] Instead, the part designated by b) regards the behavior of the module 40. 
Here the reference H designates a signal, for example a pulse signal, such as a signal 
generated by a speed sensor associated to a wheel, the signal first being absent (left- 
hand part of diagram), and then present. 

[0 1 19] The subsequent diagrams illustrate the typical waveform of the enabling 
signal at reception AEX, the reception signal RX, which allows the module 40 to lock to 
the network synchronization, and finally the transmission signal TX located in the 
corresponding time slot. 

[0120] As has already been the, another function entrusted to each module 40 is 
that of detecting the state of operation of the corresponding power-supply source 
(blocks 403, 404 of Figures 4 and 5). This function is operative when the system needs 
to transmit information to the unit 32. In fact, in each data block transmitted, bits 
carrying the indication, as shown in Figure 9, are kept updated. 
[0121] Another important function is the one regarding verification of the 
successful outcome of the communication and of the possible recovery of information. 
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With certain types of sensors (for example, the ones for the pulse for rotation of the 
wheels) it is important not to lose any pulses, in so far as the cumulative count of the 
pulses indicates the space traveled. In the communication from the module 40 there is 
thus entered the number of pulses issued since the previous valid communication, and 
this value is zeroed only after the success of the communication has been verified. 
[0122] If the verification regarding the last communication made gives a negative 
result, the last value for the number of a pulse is not zeroed, and the subsequent pulses 
then increase the number according to a general accumulation mechanism. 
[0123] In the subsequent transfer attempt, the transmitted number of pulses will 
be such as to totalize the pulses that have been sent since the last valid communication 
up to the moment of transmission. 

[0 124] This mechanism is repeated until the number of pulses totalized exceeds a 
pre-set value. When this value is exceeded, the strategy of recovery of information is 
de-activated. 

[0125] Again in the case of a sensor such as the sensor of pulses for rotation of a 
wheel, the second part of the information is constituted by the mean value of the period 
found between the pulses detected between the last two synchronization signals. This 
value, referred to a pre-set time base, enables the value of the speed to be obtained. 
[0126] For example, with reference to the frame structure of Figure 9, the field 
C4 may be used for transmission of the number of pulses, while the fields C5 and C6 
may be used for transmission of the mean period value. 
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[0127] Of course, without prejudice to the principle of the invention, the details of 

construction and the embodiments may vary widely with respect to what is described 
and illustrated herein, without thereby departing from the scope of the present 
invention. 
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